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REMARKS 



Prior to this amendment claims 1-20 and 32-35 were withdrawn from consideration as 
relating to non-elected inventions. Claims 26, 28 and 29 were withdrawn by the Examiner as not 
readable on the elected species. Claims 21-25, 27, 30 and 31 were pending. No changes to the 
pending claims are introduced by this amendment. 

Rejection under 35 U.S.C. §103(a) over Hutchinson et al. 

Claims 21-23 and 30 were rejected by the Examiner in the Office Action of December 
18, 2002 as allegedly obvious under 35 U.S.C. § 103(a) over the teachings of Hutchinson et al. 
Rev. inlmmunogenetics, volume 1, issue 3: 323-333, 1999 (Hereinafter 'Hutchinson'). 

Applicants' attorney contacted Blackwell Munksgaard, the publisher of the journal 
"Reviews in Immunogenetics" to ascertain the date that Hutchinson became publicly available. 
Katrine Flindt Christensen, the Web Service Project Manager at Blackwell Munksgaard, 
Copenhagen, Denmark responded that the official publication date for Reviews in 
Immunogenetics, volume 1, issue 3 was November 08, 1999. The cover discloses the month of 
publication as September, but, according to Ms. Christensen, the issue was delayed. A copy of 
an e-mail message from Ms. Christensen detailing these facts is attached as Exhibit 1. 

The Present Invention Antedates Hutchinson 

As presently claimed, the invention relates to a composition comprising a 
pharmaceutically effective amount of a TGF-/J antagonist and an immunosuppressive agent. The 
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invention was conceived and reduced to practice prior to the November 08, 1999 publication 
date of Hutchinson, as demonstrated by the rule 131 declaration attached as Exhibit 2. In this 
declaration, co-inventor Dr. Mannikam Suthanthiran states that he is the senior co-author of an 
article by Hojo et al. in Nature, volume 397, pages 530-534 (February 11, 1999). Applicants 
note that the Hojo et al. article was cited by the Applicant in an Information Disclosure 
Statement filed November 13, 2001. A copy of the Hojo et al. article is attached. 

The conception of the invention of a composition comprising a pharmaceutically 

effective amount of a TGF-/3 antagonist and an immunosuppressive agent is evident from the 

statement by Hojo et al. at page 533, in the first column, last paragraph: 

We investigated the effect of anti-TGF-jS antibodies 
(ID 11.16 IgGi) on the cyclosporine-induced increase in the 
metastases to determine whether in vivo tumour progression by 
cyclosporine was dependent on TGF-/3i. Anti- TGF-jS antibodies, 
but not control antibodies, prevented the cyclosporine-induced 
increase in metastases. (Citation omitted). 

A reduction of the claimed invention to practice is apparent from the Hojo et al. article 

the experiment described at page 533, bridging the first and second columns. The 

experiment demonstrates the induction of metastases by cyclosporine as well as a 

reduction in the number of metastases by an anti-TGF-jS antibody after induction by 

cyclosporine in SCID-beige mice (that have little or no immune system function). In 

relevant part, this paragraph states: 
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The number of pulmonary metastases was 350 ±22 (mean 
± s.e.m.., n=12) in control mice, 441 ± 20 (n=10) in cyclosporine- 
treated mice, 284 ± 34 (n=8) in mice treated with cyclosporine and 
anti-TGF-ft and 490 ±56 (n=4) in mice treated with cyclosporine 
and control IgGi (P=0.0005; one-way ANOVA). The reduction in 
the number of metastases found following the administration of 
anti-TGF-/3 antibodies to cyclosporine-treated mice was significant 
at PO.01 by ANOVA (Bonferoni P-value). In contrast, there was 
no significant difference between the number of metastases found 
in mice treated with combined cyclosporine and control IgGi 
(P>0.05). 

Therefore the conception and reduction of the presently claimed invention was disclosed 
in the article of Hojo et al. 

Also enclosed herewith is a declaration of Dr. Suthanthiran under Rule 132 in accord 
with In re Katz. In this declaration, Dr. Suthanthiran explains that he and Dr. Hojo are co- 
inventors named in the present application. Moreover, the declaration establishes that the other 
co-authors of the Hojo et al. publication, Drs. Takashi Morimoto, Mary Maluccio, Tomohiko 
Asano, Kengo Morimoto, Milagros Lagman, Toshikazu Shimbo, did not contribute to the 
conception of the present invention. 

Thus, the Hojo et al article was a publication of the present invention by the inventors. 
Applicants have thereby established that the claimed invention was made prior to the February 
11, 1999 publication date of Hojo et al. Accordingly, Hutchinson, which, as established above, 
was published on November 8, 1999, is not available as a reference against the present invention. 
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Moreover, it should be noted that the present application claims the benefit of U.S. 
Provisional Application No. 60/181,526 filed February 10, 2000. Accordingly, the Hojo et al. 
article was published less than one year earlier than the priority date of the present application. 
Therefore, the Hojo et al. article does not constitute a bar under § 102(b) against the present 
application. 

Hutchinson did not render the claimed invention obvious 

Furthermore, even if Hutchinson constituted prior art against the present application, and 
Applicants emphasize that they have already established that it does not, Hutchinson does not 
render the claimed invention obvious. Hutchinson merely discloses that there is a higher 
incidence of certain genetic markers, including high TGF-/31 expression, associated with chronic 
rejection in lung transplant recipients (page 328, right col. and Fig.5). There is no indication in 
Hutchinson that this high TGF-jSl expression is a contributing cause, or an effect of the chronic 
rejection observed. One of ordinary skill would have had no way of distinguishing between 
these possibilities from the disclosure of Hutchinson. For this reason, one of skill would not 
have been able to predict whether administration of an anti-TGF-/31 antibody would have had 
any effect on the chronic rejection in these transplant patients. 

At most, Hutchinson may have rendered the present invention obvious to try. Even if 
such a conclusion were correct, which Applicants doubt, it is well established that "obvious to 
try" is an insufficient standard to establish obviousness under §103. 
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Therefore, the use of anti-TGF-/31 antibody to ameliorate chronic rejection was not 
obvious from the disclosure of Hutchinson, much less a composition of the present invention, 
which comprises a pharmaceutically effective amount of a TGF-/3 antagonist and an 
immunosuppressive agent. 

For the above recited reasons, the rejection of claims 21-23 and 30 as allegedly obvious 
under 35 U.S.C. §103(a) over the teachings of Hutchinson must be withdrawn. 

Rejection under 35 U.S.C. §103(a) over Ader & Rostaing in view of Huchinson 

At paragraph 5 of Office Action of December 18, 2002, the Examiner rejected claims 21- 
23 and 31 as allegedly being obvious under 35 U.S.C. § 103(a) over the teachings of Ader and 
Rostaing Curr. Opin. Nephrol. Hypertens., 7: 539-545, 1998 (hereinafter 'Ader') in view of 
Hutchinson (supra). The Examiner cited Ader for the teaching that FK506 causes nephrotoxicity 
in transplant patients. Further, the Examiner cited Hutchinson as allegedly teaching that 
nephrotoxicity is probably caused by TGF-/31 . According to the Examiner, the invention of 
claims 21-23 and 31 would have been obvious to one of ordinary skill over the teachings of Ader 
in view of the disclosure of Hutchinson. 

As explained above, the Hutchinson is not available as art against the present invention. 
Further, the teaching of Ader alone, which relates to the nephrotoxicity of FK506, does not 
disclose or suggest the presently claimed composition comprising a pharmaceutically effective 
amount of a TGF-/3 antagonist and an immunosuppressive agent. 
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Therefore, Applicants respectfully requests that the rejection of claims 21-23 and 31 
under 35 U.S. C. §103 (a) over the teachings of Ader in view of the disclosure of Hutchinson be 
withdrawn. 

Rejection under 35 U.S.C. §103(a) over Novak in view of Ohmori et al. 

At paragraph 6 of the Office Action the Examiner rejected claims 21-25, 27 and 30 as 
allegedly obvious under 35 U.S.C. §103(a) over Novak, Nature Medicine, 5(4): 382, April 1999, 
in view of Ohmori et al. Curr. Opin. Nephrol. Hypertens., Jl 539-545, 1998 (hereinafter 
'Ohmori'). 

According to the Examiner, Novak teaches that transplant patients receiving 
immunosuppression are more susceptible to cancer and that cyclosporine promotes tumor 
progression directly, and further, that the mechanism is mediated by TGF-/3. The Examiner then 
cited Ohmori for disclosure of the use of anti-TGF antibodies in the treatment of cancer. 
Therefore, according to the Examiner, the invention of claims 21-25, 27 and 30 would have been 
obvious to one of ordinary skill in view of the cited references. 

In fact, the Novak article is a commentary in the News and Views section of Nature 
Medicine on the earlier publication of Hojo et al. in Nature. As described above, the Hojo et al. 
article contains a disclosure of the present invention by the present inventors and their 
collaborators. Accordingly, the Novak article does not constitute prior art against the present 
application. 
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Further, the disclosure in Ohmori of the use of anti-TGF antibodies in the treatment of 
cancer alone clearly fails to render obvious a composition comprising a pharmaceutically 
effective amount of a TGF-/3 antagonist and an immunosuppressive agent, as presently claimed. 
Therefore, Applicants respectfully request that the rejection of claims 21-25, 27 and 30 under 35 
U.S.C. § 103(a) over Novak in view of Ohmori be withdrawn. 

For all the above-explained reasons, reconsideration of the rejections of December 18, 
2002 is respectfully requested. If any further issues remain to be addressed, the Examiner is 
respectfully invited to contact Applicants' attorney at the telephone number shown below. 



Hoffmann & Baron, LLP 
6900 Jericho Turnpike 
Syosset, NY 11791 
(516) 822-3550 

169950J 



Respectfully submitted, 




Algte Anilionis, Ph.D. 
Attorney for Applicant(s) 
Registration No. 36,995 
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Anilionis, Algis 



To: 



Sent: 



From: 



Christensen Katrine Flindt [K.Christensen@mks.blackwellpublishing.com] 
Monday, February 10, 2003 9:23 AM 
Anilionis, Algis 



Subject: RE: Request for information 
Dear Dr. Anilionis, 

The official publication date for Reviews in Immunogenetics vol. 1 issue 3 is 08 November 1999 . The cover month 
say September but the issue was delayed. 

Ad 2 - 4 days for the editors to have an advance copy and 10-20 days before the print issue was in the 
subscriber's mailbox. 

This issue is not online. 

I hope this is a fulfilling answer to your question 

Yours sincerely 

Katrine Flindt Christensen 



Katrine Flindt Christensen, 
Web Service Project Manager 
Blackwell Munksgaard 

1 Rosenorns Alle , P.O.Box 227, DK-1502 Copenhagen V, Denmark 

Ph: +45 77 33 33 33 fax: +45 77 33 33 77 
e-mail: kfc@munksgaard.dk 



Original Message 

From: Anilionis, Algis [mailto:AAnilionis@hoffmannbaron.com] 
Sent: 6. februar 2003 16:09 
To: Christensen Katrine Flindt 
Subject: Request for information 



Please could you let me know the actual publication date (i.e. date of first distribution or web 
publication including the month - and day if possible) o f Reviews in Immuno g enetics vol. 1 (issue 
3). We are interested in the article at pages 323-333 by Hutchinson et al. 

For patent purposes we need to know when this article was first publicly available. 
Thank you for your help in this matter. 

Very truly, 

Algis Anilionis, Ph.D. 
Hoffmann & Baron, LLP 
6900 Jericho Turnpike 
Syosset, New York, NY 1 1791 
Tel. (516) 822-3550 
Fax (516) 822-3582 

Return e-mail address: aanilionis@hbiplaw.com 
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Serial No: 
Filed: 
For: 



USE OF TGF-p ANTAGONISTS Dated: 
TO INHIBIT TUMOR CELL 
FORMATION OR 
PROGRESSION 



March 13, 2003 



Assistant Commissioner for Patents 
Washington, DC 20231 



/ hereby certify this correspondence is being deposited 
with the United States Postal Service as first class mail, 
postpaid in an envelope, addressed to: 
Assistant Commissioner/or Patents, Washington, D.C. 

20231 on March 13. 2003 



Dated: 3/13/03 



DECLARATION OF MANIKKAM SUTHANTHIRAN M.D. 
UNDER 37 C.F.R S1.132 IN ACCORD WITH In re Katz 



Sir: 



I, Manikkam Suthanthiran, M.D., holding the position of Transplantation Physician in 
Chief at the Department of Transplantation Medicine and Extracorporeal Therapy, and Chief of 
the Division of Nephrology, and Departments of Medicine and Surgery, Weill Medical College 
of Cornell University, 525 East 68 th Street, New York, NY 10021, USA, declare as follows: 



I. 



I am a co-inventor of the above-captioned patent application. 
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2. I am the senior author of a research paper titled, "Cyclosporin induces cancer 
progression by a cell-autonomous mechanism" published in Nature, in the f f ebruary 11, 
1999 issue, in volume 397, pages 530-534. This paper names Minora Hojo, Takashi 
Morimoto, Mary Meluccio, Tomohiko Asano, Kengo Morimoto, Milagros Lagman, 
Toshikazu Shimbo and myself as co-authors. 

3. Minora Hojo, was a researcher in the Division of Nephrology, Department of Medicine, 
Weill Medical College of Cornell University, New York. Dr. Hojo is a co-inventor of the 
present invention. 

4. Takashi Morimoto was a researcher in the Department of Cell Biology, New York 
University School of Medicine who did not contribute to the conception of the present 
invention. 

5. Mary Maluccio was house staff in Department of Surgery, Weill Medical College of 
Cornell University, New Yo rk who did not contribute to the conception of the present 
invention. 

6. Tomohiko Asano is a physician at the Department of Urology, National Defense Medical 
College, 3-2-Namiki, Tokoiazawa, Suituma 359, Japan. Dr. Asano did not contribute to 
the conception of the present invention. 
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7. Kengo Morimoto is a physician at the Department of Pediatrics, Mizonokuchi Hospital, 
Teikyo University School of Medicine, 3-8-3 Mizonokuchi, Takatsu ku, Kawasaki 213, 
Japan. Dr. Morimoto did not contribute to the conception of the present invention. 

8. Milagros Lagman is a laboratory supervisor at the Department of Transplantation 
Medicine and Extracorporeal Therapy, Division of Nephrology, and Department of 
Medicine, Weill Medical College of Cornell University, New York. Ms. Lagman did not 
contribute to the conception of the present invention. Ms. Lagman contributed her 
expertise under my direction and supervision in maintaining tumor cell lines, ordering 
mice and the reagents required. 

9. Toshikazu Shimbo is at the Department of Pediatrics, Mizonokuchi Hospital, Teikyo 
University School of Medicine, 3-8-3 Mizonokuchi, Takatsu ku, Kawasaki 213, Japan. 
Dr, Shimbo did not contribute to the conception of the present invention. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true, that these statements were 
made with the knowledge that wiUfi.il false statements and the like so made are punishable by 
fine or imprisonment or both under Section 1001 of Title 18 of the United States Code, and that 
such willful statements may jeopardize the validity of the application or any patent issued 
thereon. 
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Assistant Commissioner for Patents I hereby certify this correspondence is being deposited 

Washington, DC 20231 wi *h the United States Postal Service as- first class mail 

postpaid m an envelope, addressed to: 
Assistant Commissioner for Patents, Washington, D.C. 

20231 o n March 14. 2003 

Dated: 3/14/03 

DECLARATION OF MANIKKAM SUTHANTHIRAN M.D. 
UNDER 37 C.F.R $1.131 



Sir: 



I, Manikkam Sumanthiran, M.D., holding the position of Transplantation Physician In 
Chief in the Department of Transplantation Medicine and Extracorporeal Therapy, and Chief of 
the Division of Nephrology, and Departments of Medicine and Surgery, Weill Medical College 
of Cornell University, 525 East 68 th Street, New York, NY 10021, USA, declare as follows: 

1 . I am a co-inventor of the above-captioned patent application. 

2. The claimed invention in the above-captioned application is described in the research 
paper entitled, "Cyclosporins induces cancer progression by a cell-autonomous 
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mechanism" Hojo et al ? published in Nature, in the February 1 1, 1999 issue, volume 397, , 
pages 530-534. 

3. I am the senior co-author of the above-referenced publication of Hojo et al. from which 

the conception of the present invention of a composition comprising a pharmaceutically 

effective amount of a TGF-p antagonist and an immunosuppressive agent is evident from 

the statement at page 533, iri the first column, last paragraph: 

We investigated the effect of anti-TGF-p antibodies 
(1D1 1.16 IgGi) on the cyclosporine-induced increase in the 
metastases to determine whether in vivo tumour progression by 
cyclosporine was dependent on TGF-pi. Anti- TGF-p antibodies, 
but not control antibodies, prevented the cyclosporine-induced 
increase in metastases, (Citation omitted), 

3. A reduction of the claimed invention to practice is apparent from the Hojo et al. article in 

the experiment described at page 533, bridging the first and second columns. The 

experiment demonstrates the induction of metastases by cyclosporine as well as a 

reduction in the number of metastases by an anti-TGF-p antibody after induction by 

cyclosporine in SClD-beige mice (that have little or no immune system function). Tn 

relevant part, this paragraph states: 

The number of pulmonary metastases was 350 ±22 (mean 
± s.e.m., n=l 2) in control mice, 441 ± 20 (n=10) in cyclosporine- 
treated mice, 284 ±34 (n=8) in mice treated with cyclosporine and 
anti-TGF-p, and 490 ±56 (n=4) in mice treated with cyclosporine 
and control IgGi (P=0.0005; one-way ANOVA). The reduction in 
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the number of metastases found following the administration of 
anti-TGF-p antibodies to cyclosporine-treated mice was significant 
at P<0,01 by ANOVA (Bonferoni P-value). In contrast, there was 
no significant difference between the number of metastases found 
in mice treated with combined cyclosporiue and control IgGi 
(P>0.05). 

4. The co-filed Declaration of Dr. Suthanthiran under 37 CF.R. 1.1 32 in accord with In re 
Katz establishes that the above-referenced publication of Hojo et aL is a publication of 
the present inventors and others, and was derived from the presently claimed invention. 

5. Thus, the claimed subject matter of the above-captioned application was conceived and 
reduced to practice by me and my co-inventor, Dr. Hojo prior to February 11,1 999. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true, that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment or both under Section 1001 of Title 18 of the United States Code, and that 
such willful statements may jeopardize the validity of the application or any patent issued 
thereon. 

Respectfully submitted, 

Dated: ^R. jfe*. 

M. Sratharrtfiiran s M.D. 

169676 J 
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locus. In agreement, the wing phenotypes (thickened veins and 
wing-edge loss) of AT"*" 3 mutants are completely suppressed by pk- 
sple 3 (data not shown). The inhibitory effect of Sple provides a 
second mechanism for polarizing Notch signalling in R3/R4 that 
could be coordinated by Fz/Dsh (Fig. 4d). 

In conclusion, Notch signalling is activated in R3/R4 in response 
to Fz/Dsh and we propose that Fz/Dsh sets up an initial bias in 
Notch activity between R3 and R4 by promoting Dl activity and 
inhibiting Notch via Sple in a coordinated manner. Feedback in the 
Notch pathway amplifies this bias so that even a subtle variation in 
the amount of signal received by Fz in the equatorial (pre-R3) and 
polar (pre-R4) cells in each ommatidium would generate distinct 
cell fates. This explains how a signal from the equator could be 
interpreted by the whole field of ommatidia (Fig. 4e) and is likely to 
be of widespread significance in the development of polarized 
structures within planar epithelia. The asymmetrical expression of 
Notch-pathway genes detected in feather primordia is consistent 
with this model 24 . Furthermore, this mechanism for the coordinated 
regulation of Notch signalling can also explain how neural precursors 
develop at specific positions within competent proneural fields. □ 

Methods 

Fly strains. Alleles used were: N"', N" d ' 3 , dsh 1 , fz* 54 , DP, Dl 68 , sple 1 and 
pk-sple 13 . For analysis of E(spl) a combination between Df(3R)NFl pl (removing 
NFl, E(spl)m8 and E(spl)my promoter 25 ; M.T.D.C. and S.J.B., unpublished 
data) and Df(3R)E(splf oh32 ' 2 (removing all E(spl) genes and NF1) was used. 
Rescue of NF1 activity 25 did not modify the eye phenotypes and no defects were 
observed in NFl P2 /Df(3R)NFl p, y which eliminates NFl only 25 . For mis-expression 
studies we used heat-shock-inducible, intracellular Notch (hs-N^; ref. 15), a 
transmembrane-activated Notch derivative driven by sevenless enhancer 
{s&F-N***; ref. 17), and the Gal4/UAS-targeted expression system 26 . UAS lines 
were: UAS-N^ (gift of M. Haenlin), UAS-N 1 " (ECN, containing Notch extra- 
cellular and transmembrane domains 16 ), UAS-dsh 19 , UAS-E(spl)md and UAS- 
E(spl)m&. These were combined with sev-Gal4 (expressed in R3, R4, R7, mystery 
and cone cells) and/or $palt-Gal4 (expressed in R3, R4 and cone cells). 

For experiments, larvae were incubated at 30 °C for 6 h, returned to 25 °C for 
10 h or until eclosion. N lcd expression was induced in hs-N^ larvae by 2 h at 37 °C. 
mS0.5 transgenic lines. A 487-bp fragment from the 1.9-kb genomic Hindlll 
fragment upstream of E(spl)m& was amplified using the primers GATCTA- 
GATGCCATCAGATGTCAGC and CTACTAGTCTTTTGGCGCACAGTCAC, 
digested with Spel (filled in) and Xbal, and ligated into Asp 718 (filled in) and 
Xbal sites of HZ50PL. Transgenic lines were established by injection in cn;ry flies 
using standard procedures and all lines gave identical patterns of expression. 
Immunofluorescence, the following antibodies were used: rabbit anti-p- 
galactosidase (Cappell), rabbit anti-Bar 27 , guinea-pig anti-Coracle 28 , rat anti- 
Elav (Developmental Studies Hybridoma Bank), rat anti-Spalt (a gift of 
R. Barrio) and mouse monoclonal antibodies against p-galactosidase (Pro- 
mega), E(spl) proteins 29 , Rough 30 and Delta 20 . 
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Malignancy is a common and dreaded complication following 
organ transplantation 1 " 4 . The high incidence of neoplasm and its 
aggressive progression, which are associated with immunosup- 
pressive therapy, are thought to be due to the resulting impair- 
ment of the organ recipient's immune-surveillance system 5 " 9 . 
Here we report a mechanism for the heightened malignancy 
that is independent of host immunity. We show that cyclosporine 
(cyclosporin A), an immunosuppressant that has had a major 
impact on improving patient outcome following organ 
transplantation 4 ' 5 , induces phenotypic changes, including inva- 
siveness of non-transformed cells, by a cell-autonomous mechanism. 
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Our studies show that cyclosporin treatment of adenocarcinoma 
cells results in striking morphological alterations, including mem- 
brane ruffling and numerous pseudopodial protrusions, increased 
cell motility, and anchorage-independent (invasive) growth. These 
changes are prevented by treatment with monoclonal antibodies 
directed at ti^sforming growth factor- p (TGF-p). In vivo, cyclos- 
porin enhances tumour growth in immunodeficient SCID-beige 




Figure 1 Cyclosporin induces A-549 cells to acquire an invasive phenotype. 
Scanning electron microscopic photographs of A-549 cells grown on glass 
coverslips and incubated for 72 h with: nothing {control cells, a, b); Ijigml" 1 
cyclosporine (c, d); 2ngmf 1 recombinant TGF-p, protein (e, f); 1 fig ml" 1 
cyclosporine plus 30 *ig ml -1 anti-TGF-B (g, h). Note that cyclosporine-conditioned 
cells, in a similar fashion to TGF-0 r treated cells, display membrane ruffling and 
acquire exploratory pseudopodia. and that anti-TGF-3 antibodies prevent these 
cyclosporine-induced morphological alterations. Scale bars, I0|im. f, TGF-p 
concentrations (mean ± s.d.) in supernatants obtained from untreated or cyclos- 
porine-treated A-549 cells. The cells were incubated for 72 h, in the absence or 
presence of 0.5 or l.Ongml" 1 cyclosporine, and a sandwich ELISA assay 11 was 
used to quantify TGF-p levels. 



mice; anti-TGF-0 mon clonal antib dies but n t control anti- 
bodies prevent the cyclosporine-induced increase in the number of 
metastases. Our findings suggest that immun suppressants like 
cyclosporine can promote cancer progression by a direct cellular 
effect that is independent of its effect on the host's immune cells, and 
that cyclosporine-induced TGF-p production is involved in this. 
We explored an alternative and autonomous cellular mechanism 




Figure 2 Cyclosporine stimulates the motility of A-549 cells. A-549 cells were 
grown for 72 h on 10-mm round polycarbonate membrane filters with 0.4 jim (a, b) 
or 3 jim (c, d) pore size in the absence (a, c) or presence (b, d) of 1 p^gml" 1 
cyclosporine. The filters were removed from the culture dishes and the bottom 
surfaces were examined by scanning electron microscopy. Note that the 
pseudopodia of cyclosporine-treated cells grown on 0.4-p.m pore size filters 
protrude through the pores to the bottom surface (b) whereas cyclosporine- 
treated cells grown on 3-^m pore filters migrate through the pores onto the 
bottom surface (d). Scale bars, 10 ^m. e, Cyclosporine promotes migration of 
A-549 cells. A-549 cells were placed in the upper chamber of 12-well transwells 
(8 \im pore) at a density of 10 6 cells, and were incubated alone or with 0.5 or 
1.0 m-9 ml -1 cyclosporine or with 1.0 ml -1 cyclosporine plus 30 y,g ml" 1 anti-TGF-p 
antibodies (Ab). The cells that migrated into the lower chamber through the 8-jim 
pores of the polycarbonate membrane filters were counted after the ceils had 
been dissociated by trypsinization. Results (mean ± s.e.m.) are of three experi- 
ments carried out with duplicate samples. 
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for immunosuppressant-associated tumour progression. We tested 
the hypothesis that cyclosporine, independently of any effects on the 
host immune system, would programme non-invasive cells to 
acquire an invasive phenotype. The experimental basis for our 
hypothesis was our demonstration that cyclosporine promotes the 
transcription and functional expression of the TGF-p! gene 10,11 and 
the observation by others that TGF-p can promote tumour-cell 
invasion and metastasis 12 " 14 . 

A non- transformed human pulmonary adenocarcinoma (A- 549) 
cell line 14 that is not invasive in vitro was used as the indicator cell to 
test the hypothesis that cyclosporine can induce an invasive phe- 
notype. A-549 cells express functional receptors for TGF-p, and 
their growth and function are regulated by TGF-p (refs 11, 14). We 
carried out these experiments ex vivo to avoid any confounding 
effects of cyclosporine-associated inhibition of in vivo immune 
surveillance mechanisms. 

Figure 1 shows the striking morphological changes observed 
following cyclosporine treatment of A-549 cells. Scanning electron 
microscopic examination revealed that untreated A-549 cells display 
a cuboidal epithelial and non-invasive phenotype (Fig. la, b), 
whereas cyclosporine-treated cells show phenotypic alterations 
that are characteristic of invasive cells, that is, marked membrane 
ruffling and the formation of numerous pseudopodia (Fig. lc, d). 
Additional data (Fig. 1) support the hypothesis that the 
cyclosporine-induced acquisition of an invasive phenotype is due 
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Figure 3 Anchorage-independent growth of cyclosporine-conditioned A-549 
cells. Culture medium (3 ml) containing 10 4 cells and 1 \lq ml -1 cyclosporine (b, d) 
or no cyclosporine (a, c) was loaded onto 5 ml of a 0.3% agarose layer containing 
MEM-10% FBS in 60-mm dishes. After 96 h incubation at 37 °C, cells grown on the 
surface of the agarose layer were examined with a phase-contrast microscope (a, 
b). For scanning electron microscopic observation (c. d), the soft gels were fixed 
and then vertical thin sections were made. These slices were processed for 
scanning electron microscopy as described in Methods. Twenty slices were 
made from each agarose plate, and representative ones are shown. Note that 
pseudopodia of cyclosporine-treated A-549 cells protrude deeply into the soft gel 
under anchorage-independent growth conditions. Scale bars, 10 ^m. e, Cyclos- 
porine-associated inhibition of anchorage-dependent proliferation of A-549 ceils; 
f, cyclosporine-induced stimulation of anchorage-independent growth. 



to TGF-p. First, cyclosporine stimulated TGF-p secretion by A-549 
cells in a concentration -dependent manner (Fig. li); second, anti- 
TGF-p monoclonal antibodies (1D11.16 IgG)i 15 , in contrast to 
control IgG! monoclonal antibodies, prevented the cyclosporine- 
induced morphological alterations (Fig. lg, h); and third, recombi- 
nant TGF-p i induced morphological alterations in A-549 cells that 
were similar to those elicited by cyclosporine (Fig. le, f). Our 
finding that cyclosporine stimulates TGF-P I production in A-549 
cells extends earlier observations that it induces T cells 10 , CCL-64 
mink lung epithelial cells 11 and renal cells 16 to hyperexpress TGF-Pj. 
The phenotypic changes elicited by cyclosporine were reversible; 
incubation of cyclosporine-treated A-549 cells in cyclosporine-free 
culture medium for 48 h resulted in the reversal of the invasive 
phenotype and a return to the original morphology (data not 
shown). 

Cells capable of locomotion and invasiveness display exploratory 
pseudopodia 17,18 . Because cyclosporine induced numerous, long 
pseudopodia in A-549 cells, we investigated whether such cells 
acquired motility. To explore this, A-549 cells were seeded on 
polycarbonate membrane niters with three pore sizes (0.4, 3 and 
8 |xm) in the presence or absence of cyclosporine; and the bottom 
surfaces of the membrane filters were examined by scanning 
electron microscopy. Our results show that many cyclosporine- 
induced pseudopodia protrude through 0.4-|jim pores onto the 
bottom surface (Fig. 2b), whereas only a few pseudopodia protrude 
in the control (Fig. 2a). When the cells were grown on 3-u,m pore 
filters, many cyclosporine-treated cells and only few untreated cells, 
migrated through the pores to the bottom surface of the membrane 
filter (Fig. 2c, d). 

To quantify the cell motility resulting from cyclosporine treat- 
ment, we used 8-u.m pore filters in the migration assay. We found 
that the number of A-549 cells that migrated increased in propor- 
tion to the concentration of cyclosporine used to treat the cells, and 
that the increased cell motility was suppressed by anti-TGF-p 
antibodies (Fig. 2e), but not by the control IgG! antibodies. Thus, 
cyclosporine-induced alterations in both morphology (Fig. 1) and 
cell motility (Fig. 2) were dependent on cyclosporine-induced TGF- 
P production. 

Anchorage-independent growth in vitro is considered a correlate 
of invasive tumour growth in vivo 1920 , and so we next examined 
whether cyclosporine treatment results in anchorage-independent 
growth. A-549 cells were plated on soft agarose gels and grown for 
96 h (Fig. 3, see legend for details). Phase-contrast microscopic 
examination revealed that untreated A-549 cells retained their 
spherical shape and remained suspended in the culture medium, 
whereas cyclosporine-treated cells spread and proliferated strongly 
on the soft gel (Fig. 3a, b). Because it was difficult to determine by 
phase-contrast microscopy whether the pseudopodia extended 
along the surface of the agarose or penetrated deeper into the 
agarose layer, we made vertical thin sections of the soft gels and 
examined them by scanning electron microscopy to obtain side 
views. This strategy revealed that many fully grown pseudopodia of 
the cyclosporine-treated cells penetrated the agarose-gel layer and 
extended vertically into the gel plate (Fig. 3d). Also, these 
cells appeared to be supported by the extensively invaded pseudo- 
podia, in contrast to the absence of pseudopodial extensions in the 
control A-549 cells (Fig. 3c). 

Cyclosporin's effect on A-549 cells growth was contingent 
upon whether the culture conditions were anchorage-dependent 
or -independent. It inhibited the proliferation of A-549 cells under 
anchorage-dependent conditions but stimulated proliferation 
under anchorage-independent conditions (Fig. 3e, f). 

We next examined whether cyclosporine induces morphological 
and functional alterations in other cell types, looking at murine 
renal cell adenocarcinoma (Renca) cells, mouse mammary gland 
epithelial (NMuMG) cells and mink lung epithelial (CCL-64) cells. 
We found that cyclosporine treatment produced phenotypic 
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alterations in these epithelial cells as well. A representative example 
(Fig. 4a, b) shows that cyclosporine-treated Renca cells, in a similar 
fashion to cyclosporine-treated A- 549 cells, display an invasive 
phenotype. 

We investigated whether cyclosporine would enhance the invasive 
and metastatic growth of tumour cells in vivo using Renca cells 21 , 
and two other tumour cell lines, mouse-derived Lewis lung carci- 
noma cells 22 and human bladder transitional carcinoma cells 23 , as 
the tumour inoculum. SCID-beige mice (mice homozygous for 
both SCID and beige mutations 24 ), which are deficient in T cells, B 
cells and natural killer cells, were used as the host. The use of SCID- 
beige mice minimized the possibility that cyclosporine-induced 
depression of the host's immune system contributed to tumour 
progression. 

Cyclosporine increased the number of murine renal carcinoma 
metastases in SCID-beige mice (Fig. 4c, d). Data from four separate 
experiments showed that the number of renal cell cancer pulmonary 
metastases was 241 ± 22 (mean ± s.e.m., n — 21) in the control 
SCID-beige mice compared with 338 ± 26 (n = 18) in the cyclos- 
porine-treated mice (P = 0.007; f-test) (Table 1). Also, the number 
of pulmonary metastases resulting from inoculation of murine 
Lewis lung carcinoma cells was 11 ± 2 (n = 9 mice) in the control 
mice compared with 28 ± 4 (n = 8 mice) with cyclosporine treat- 
ment (P = 0.003), while the number of pulmonary metastases 
resulting from inoculation of human bladder transitional cancer 
cells was 63 ± 18 {n = 9 mice) in controls and 138 ± 21 {n = 9 
mice) in cyclosporine-treated mice {P = 0.01) (Table 1). 

We investigated the effect of anti-TGF-(J antibodies 
(lD11.16IgGi) 15 on the cyclosporine-induced increase in the 
metastases to determine whether in vivo tumour progression by 
cyclosporine was dependent on TGF-P!. Anti-TGF-p antibodies, 
but not control IgG L antibodies, prevented the cyclosporine- 
induced increase in metastases. The number of pulmonary metas- 
tases was 350 ± 22 (mean ± s.e.m., n — 12) in the control mice, 
441 ± 20 (n = 10) in cyclosporine-treated mice, 284 ± 34 (n — 8) 
in mice treated with both cyclosporine and anti-TGF-(B> and 
490 ±56 (n ~ 4) in mice treated with cyclosporine and control 
IgGi (P = 0.0005; one-way ANOVA). The reduction in the number 



Table 1 Cyclosporine Increases pulmonary metastases In SCID-beige mice 


Tumour inoculum 


Number of pulmonary metastases (mean ± s.e.m.) 




Without CsA 


With CsA P* 


Murine Renca 


241 ±22(n =21) 


338 ±26(n = 18) 0.007 


Murine Lewis lung 
carcinoma (LLC) 


11 ±2{n = 9) 


28 ± 4 {n = 8) 0.003 


Human bladder 
cancer (T24) 


63 ±18(n = 9) 


138 ±21 (n = 9) 0.01 



Tumour cells (1 x 10 5 or5x 10 5 in HBSS) were injected in the tail vein of SCID-beige mice. 
Cyclosporine (cyclosporin A; CsA; 20 mg per kg) was administered every other day from day 
-1 to the day of death. The mice were killed on day 19 (Renca), 16 (LLC) or 23 (T24), and the 
number of metastases was counted as described 30 , n, Number of mice in each group; P 
value derived with MesL 



of metastases found following the administration of anti-TGF-P 
antibodies to cyclosporine-treated mice was significant at P < 0.01 
by ANOVA (Bonferoni P-value). In contrast, there was no signifi- 
cant difference between the number of metastases found in cyclos- 
porine-treated mice and that found in mice treated with combined 
cyclosporine and control IgGi (P > 0.05). Our in vitro experiments 
show that the tumour cells are the sole source of TGF-pj (Figs 1, 2). 
Many cell types, in addition to tumour cells, might contribute to 
cyclosporine-induced TGF-p! hyperexpression in vivo. 

The malignancy-promoting effects of immunosuppressive drugs 
are thought to result from drug-induced T-lymphocyte dysfunction 
and resultant immunosuppression. On the other hand, the produc- 
tion of TGF-P by tumours represents a potential mechanism by 
which they evade the host's immune system 25 " 28 . Our demonstration 
that cyclosporine-treated, non-transformed cells acquire invasive- 
ness under in vitro conditions that allow no possible involvement of 
the host's immune system, and our in vivo data that cyclosporine 
promotes tumour growth in SCID-beige mice, suggest a cell- 
autonomous mechanism for cancer progression (Fig. 5). Specific 
therapeutic strategies that target pathways responsible for height- 
ened invasiveness (such as TGF-p t regulation) are worth exploring 
and may be of value to people who are given allografts and to other 
individuals at increased risk of neoplasms. □ 




Figure 4 Cyclosporine induces renal cancer cells to acquire an invasive 
phenotype and promotes tumour growth in vivo. Scanning electron micrograph 
of murine renal adenocarcinoma cells incubated for 72 h in the absence (a) or 
presence of 1 p.g ml" 1 cyclosporine (b). Scale bars, I0>m. Representative lungs, 
retrieved from untreated mice (c) and from cyclosporine-treated mice (d), are 
shown to illustrate the cyclosporine-associated increase in renal cell cancer 
pulmonary metastasis in SCID-beige mice. 
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Figure 5 Potential mechanisms for cyclosporine-associated tumour progression. 
In this formulation, cyclosporine induced TGF-p production by tumour cells 
promotes cell invasiveness by a cell-autonomous mechanism that is indepen- 
dent of and/or complementary to cyclosporine's immunosuppressive effect on 
the host's immune system. 
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Methods 

Cell line and culture. Human lung adenocarcinoma cells (A- 549 cells; ATCC 
CCL 185; American Type Culture Collection, Rockville, MD), human bladder 
transitional carcinoma cells (ATCC HTB4, T24), mink lung epithelial cells 
(CCL-64; ATCC), mouse mammary gland epithelial cells (NMuMG; ATCC) 
and Lewis lung carcinoma cells (ATCC) were grown in minimum essential 
medium (MEM) supplemented with 10% fetal bovine serum (FBS), at 37 °C in 
a 95% air-5% C0 2 atmosphere. Murine renal adenocarcinoma cells (Renca 
cells; a gift from R. H. Wiltrout, National Cancer Institute) were maintained by 
in vivo serial passages in syngeneic BALB/c mice, as described 21 . 
Scanning electron microscopy. Cells were seeded at a density of 10 s on 12- 
mm round glass coverslips or 10-mm round polycarbonate membrane filters 
(0.4 or 3 ixm pore size) in 12-well Transwells (Costar), and grown for 72 h in the 
presence or absence of cyclosporine. To assess the ability of TGF-p -specific 
antibody to inhibit cyclosporine- mediated effects, A-549 cells were incubated 
in the presence of both cyclosporine and monoclonal antibodies (Genzyme) 
that recognize TGF-f3 ( , -0 2 and -0 3 . Cells were fixed with PBS, pH 7.4, 
containing 2.0% glutaraldehyde, and processed as previously described 29 . 
Samples were examined using a JEOL 25SIII electron microscope. 
Quantification of TGF-p. TGF-J3 was quantified using a sandwich enzyme- 
linked immunosorbent assay (ELISA) method as previously described 1 '. In 
brief, each well of multiwell ELISA assay plates was coated with anti-TGF-p! 
antibodies (1 jjtgml" 1 ). The plates were incubated for 2h at 37 °C after the 
addition of various amounts of TGF-0! in PBS or conditioned medium. After 
washing with PBS containing 0.2% TWeen-20 (PBST), rabbit antiserum against 
TGF-0 was added to each well. The plates were incubated at 37 °C for 1 h, the 
wells were washed with PBST, and then 100 fil of goat anti-rabbit IgG-alkaline 
phosphatase conjugates was added. Absorbance at 430 nm was measured using 
an ELISA assay reader. A-549 cells were cultured in serum-free medium to 
exclude contamination of cell-free supernatants by serum-derived TGF-0. 
Cell proliferation assay. For assaying anchorage-dependent growth, A-549 
cells were grown at a density of 2 X 10 4 cells per well in 12-well plates in the 
presence or absence of cyclosporine. After 96 h treatment, each well received 
2 uCi of methyl- 3 H-thymidine, and cells were incubated for an additional 4h. 
They were washed twice with ice-cold PBS and fixed with methanol for 60 min. 
After washing, the fixed cells were lysed with 0.2 M NaOH and treated with cold 
10% trichloroacetic acid (TCA) for 15-20 min on ice. The radioactivity, 
recovered as cold TCA-insoluble precipitates, was used for measuring relative 
cell proliferation by comparing the radioactivity between control and experi- 
ment. For an anchorage-independent cell growth, cells spread well on agarose 
gel were counted using a phase- contrast microscope. 

In vivo tumour growth. Murine renal cell adenocarcinoma cells (1 X 10 5 in 
Hank's balanced salt solution; HBSS), murine Lewis lung carcinoma cells 
(5 X 10 5 cells) or human bladder cancer cells (1 X 10 5 cells) were injected in the 
tail vein of 6-week-old male SCID-beige mice. Cyclosporine (20 mg per kg in 

0. 2 ml olive oil) was administered every other day starting from day -1, to day 
19 or 23 after tumour inoculation. On day 19 or 23 after tumour inoculation, 
mice were killed and the number of pulmonary metastases was determined 30 
following endotracheal insufflation of lungs with 15% India ink solution and 
bleaching the collected lungs in Fekete's solution. The effect of anti-TGF-fi 
antibody and the control IgGi antibody on the cyclosporine- induced increase 
in the number of pulmonary metastases was determined by intraperitoneal 
administration of 200 jxg of antibody, on a daily basis starting from day -1 to 
day 19 after tumour inoculation. 
Received 21 September, accepted 15 December 1998. 
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Synthetic peptides containing the arginine-glycine-aspartate 
(RGD) motif have been used extensively as inhibitors of 
integrin-Ligand interactions in studies of cell adhesion, migra- 
tion, growth and differentiation 1 " 3 , because the RGD motif is an 
integrin-recognition motif found in many ligands. Here we report 
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